regulators of signaling (24, 25) . However, we found the weak phenotype of this mutant 1 0 7 difficult to study, and instead focused on the intracellular domain mutants. Since the four 1 0 8 strongest mutations cluster to a spatially restricted region of the protein kinase domain, 1 0 9
we hypothesize that the mutations have a similar effect. To study this effect, we 1 1 0 examined the serk1-L326F mutant as a representative allele. 1 1 1
Genetic analysis of hae-3 hsl2-3 serk1-L326F
1 1 2
Because SERK1 positively regulates abscission and because these mutations 1 1 3 are all semi-dominant, we hypothesized that they are gain of function mutations. We 1 1 4 performed a number of genetic experiments to test this hypothesis. We first crossed the 1 1 5 1 7 2
First, we assessed transcript abundance measurements for the HAE/HSL2 1 7 3 marker genes QRT2 and PGAZAT [Fig. 3A ]. These genes encode polygalacturonases 1 7 4 involved in breakdown of pectin in the middle lamella (30). The double qrt2 pgazat 1 7 5 mutant exhibits a weak abscission delay, and expression of these genes is strongly 1 7 6 reduced in the hae hsl2 mutant (15,30). Thus we consider expression of these genes 1 7 7 useful markers for HAE/HSL2 pathway activity, although it should be noted they are 1 7 8 likely only two of many functionally relevant hydrolase genes regulated by HAE/HSL2.
7 9
Consistent with the hypothesis that the hae-3 hsl2-3 serk1-L326F mutant is gain of Table S5 ]. The most statistically significant findings are terms enriched in the Col-1 8 8 1 4 dwarfed and typically die before flowering under standard growth conditions, rendering 3 1 5 floral genetic studies difficult. As an alternative, amiRNA targeting BIR1 has been shown 3 1 6 to effectively mimic loss of function mutations in BIR1 (  3  2  ) . Therefore, we created two 3 1 7
related BIR1 amiRNA constructs driven either by the HAE promoter alone, or by a 3 1 8 tandem 35S::HAEpr. We anticipated that the HAEpr would provide adequate expression 3 1 9 levels in the abscission zone, while the tandem 35S::HAEpr would boost expression in 3 2 0 abscission zones in the event that the HAEpr proved too weak to be effective.
2 1
In the T1, we found that 2/26 35S::HAEpr::amiRNA-BIR1 plants exhibited partial 3 2 2 suppression of the hae-3 hsl2-3 abscission phenotype, as well as semi-dwarfism with 3 2 3 yellowed leaves, while for HAEpr::amiRNA-BIR1, 1/16 plants exhibited similar partial 3 2 4 abscission and yellow leaves and semi-dwarfism [ Fig. 6A ; Supp. Table S3 ]. Thus, loss of 3 2 5 bir1 function appears to suppress the hae hsl2 abscission defect, phenocopying the gain 3 2 6
of function mutation serk1-L326F. The leaf phenotype and semi-dwarfism are consistent 3 2 7
with weak activation of autoimmunity. To examine these lines, we grew the T2 of one of 3 2 8 the 35S::HAEpr lines and performed qPCR on RNA derived from the floral receptacle on 3 2 9 BIR1 to examine the accumulation of transcript. Across 3 biological replicates, we 3 3 0 observed a statistically significant log2(fold change) of .66 for BIR1 between hae-3 hsl2- should provide powerful insight into the activation of SOBIR1, and the regulation of this 3 4 9 process by BIR1.
5 0
Prior work has shown that SOBIR1 is specifically expressed in floral abscission 3 5 1 zones and that it is globally co-expressed with HAE (11, 17) . This, combined with the 3 5 2 genetic data presented in this paper, suggests that SOBIR1 contributes to wildtype 3 5 3 abscission signaling downstream of the SERK proteins. We hypothesize the function of 3 5 4 BIR1 during abscission is to moderate SERK mediated activation of SOBIR1 to prevent 3 5 5 over-activation of signaling. We further hypothesize that the serk1 suppressor mutations 3 5 6 isolated in this screen interfere with the function of BIR1 by an unknown mechanism.
5 7
Testing these hypotheses is a clear direction for future research. Notably, the single . bak1-5 was kindly provided by 3 9 5
Dr. Antje Heese ( 3 4 )
. hae-3 hsl2-3, hae-3 hsl2-3 serk1-L326F, hae-3 hsl2-3 serk1-3 9 6
L326F sobir1-12 have been deposited in the ABRC. The hae-3 hsl2-3 serk1-L326F 3 9 7 mutant was backcrossed to Col-0 five times. High order mutant combinations were 3 9 8 created by cross. All primers used in this study listed in Supp. Table S9 . 
1 4
Quantitative phenotyping of Col-0, serk1-1, and serk1-L326F was performed by 4 1 5 utilizing our previously described "petal-puller assay" (35). In this assay, two paint 4 1 6
brushes are affixed at an angle to a rigid rod, with spacers present to create a consistent 4 1 7 amount of force applied. We lightly dragged the inflorescence of plants at ~2 weeks hae-3 hsl2-3 suppressor screen 4 5 0
Two suppressor mutant screens were performed on a mutant derived from a 4 5 1 cross of hae-3 hsl2-3 and a previously described erecta glabra mutant, both in the Col-0 4 5 2 ecotype ( 3 5 )
. hae-3 contains a missense mutation causing the amino acid residue C222 4 5 3
to be substituted with tyrosine in the extracellular domain, leading to degradation of the 4 5 4 mutant protein by an ER associated protein quality control mechanism ( 2 1 , 3 5 )
. hsl2-3 4 5 5 contains a missense mutation causing substitution of the amino acid residue G360 with 4 5 6 arginine in the HSL2 extracellular domain (21). The molecular defect of hsl2-3 is 4 5 7 presently unknown. We isolated the hae-3 hsl2-3 er gl quadruple mutant, which fails to 4 5 8 abscise and possesses the characteristic semi-dwarf phenotype of an erecta mutant and 4 5 9 lacks trichomes. We used this mutant as a background for our screens to control for any 4 6 0 wildtype seed contamination that could interfere with suppressor identification. Its short 4 6 1 stature makes it convenient for dense planting to screen for floral phenotypes.
6 2 2 0
We performed an EMS suppressor screen by mutagenizing 50,000 hae-3 hsl2-3 4 6 3 er gl seed and growing 50 pools of M1 seeds. Approximately 2,000 seeds from each M1 4 6 4 pool were grown in the M2 to screen for mutant phenotypes. We began initial 4 6 5
characterization of four mutants that showed moderate to strong suppression. Two 4 6 6 strong suppressors were selected for mapping by crossing to a hae hsl2 mutant in the 4 6 7
Ler ecotype. In the F2, we selected strongly suppressed individuals, pooled the DNA, the coding regions of SERK1 in these lines revealed additional missense mutations.
7 7
Simultaneously, we performed an activation tagging screen in which 60,000 T1 4 7 8
and 180,000 T2 progeny were screened for suppression of the abscission deficient 4 7 9 phenotype of hae-3 hsl2-3 ( 4 1 )
. One line with weak suppression was shown, by TAIL- 
9 9
This construct was transferred to the binary vector pHGY by gateway recombination, 
0 8
The 
2 4
To control for cross contamination, a minimum of one representative T1 5 2 5
individual from each SERK1 transgenic population was verified by using hae-3 hsl2-3 5 2 6
dCAPs markers [Supp. Table 4 ] and by sequencing the SERK1 transgene across the 5 2 7 mutation site(s) by analysis of a PCR product using SERK1 F primer 5'-5 2 8
TGGAACAACTGTTAATGAAAATCAA-3' and pE2c R 5'-AGTCGGGCACGTCGTAGG-5 2 9
3'.
3 0
A PCR product from a representative T1 individual from each HAEpr::YDA-YFP 5 3 1 K429R population was subjected to Sanger sequencing using a HAE promoter specific 5 3 2 primer 5'-AGGCAGAGTGCTTGTGGAGACG -3' and a YDA specific primer 5'-5 3 3
CAGGTGCCATCCAATATGGGCTC-3'. The hae-3 hsl2-3 serk1-L326F T1 individual also 5 3 4
was subjected to genotyping with serk1-L326F dCAPS primers [Supp. Table 4 ].
3 2 3
The strongly expressing hae-3 hsl2-3 serk1-L326F sobir1-12 transgenic 5 3 6 individuals were validated by genotyping with hae-3, hsl2-3 and serk1-L326F dCAPS 5 3 7 markers as well as SOBIR1 wildtype and T-DNA specific primers.
3 8
A single T2 hae-3 hsl2-3 + 35S::HAEpr::amiRNA BIR1 plant was validated by 
4 4
All constructs were created using PFU Ultra II High-Fidelity polymerase and 5 4 5
Sanger sequenced verified across the entire coding region [Agilent]. All primers are 5 4 6 listed in Supplemental Table 4 . and determine estimated fold change levels.
7 4
in vitro autophosphorylation 5 7 5
In vitro autophosphorylation assays were carried out exactly as described in ( 4 9 )
.
7 6
In brief, expression of MBP-SERK1 was induced by adding isopropyl-β-d- settings. Finally, the gel was stained with Coomassie and imaged using a Bio-Rad 5 8 8
GelDoc. Band quantity estimates were performed using the built in Bio-Rad software. 5 8 9 5 9 0 Acknowledgements 5 9 1
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